Despite its low incidence, intraoperative cardiac arrest is a potentially catastrophic event, leading to a high mortality rate. 1 Complicating patient, anesthetic, and surgical factors can be associated with the incidence and survival outcomes of cardiac arrest in the operating room.
INTRODUCTION
logical status and operative severity. 1, 4 Although much attention has rightly been focused on issues surrounding the frequency and risk factors of cardiac arrest in surgical patients, there is relatively little information regarding risk assessment tools that can predict its outcome.
Although several prediction models for mortality after in-or out-of-hospital cardiac arrest have been developed, 5, 6 these models seem to be unsuitable for surgical patients. Also, preoperative cardiac risk assessment based on cardiac function and functional capacity does not fully account for other systemic physiological factors and the intraoperative course. 7 The Physiological and Operative Severity Score for enUmeration of Mortality and morbidity (POSSUM) and its Portsmouth modification (P-POSSUM) are comprehensive assessment methods used to evaluate patient and surgical factors, consisting of a 12-item physiological and 6-item operative severity data set. 8, 9 Each item has a 4-grade exponential severity score used to calculate a predicted percent morbidity or mortality using logistic regression analysis equations. 10 The POSSUM system was initially developed for comparative surgical audits and has been shown to be a good predictor of morbidity and mortality in various types of surgery. 10 We hypothesized that this well-validated scoring system would produce standardized and balanced information on the major patient and surgical factors that influence survival outcomes following intraoperative cardiac arrest.
The aim of this study was to examine the value of POSSUM and P-POSSUM in predicting 30-day mortality following intraoperative cardiac arrest in adult patients undergoing non-cardiac surgery at a university teaching hospital.
MATERIALS AND METHODS
The Institutional Review Board of Yonsei University Health System approved this study. We analyzed all reported cases of intraoperative cardiac arrest in consecutive patients who underwent non-cardiac surgery and required general or regional anesthesia at Severance Hospital, a university teaching hospital, between January 2007 and December 2012.
For the purpose of this study, we defined cardiac arrest as the absence of cardiac rhythm or the presence of chaotic cardiac rhythm that required the initiation of any component of basic and/or advanced cardiac life support. Only cardiac arrests that occurred after anesthesia had been initiated in the operating room were included. Intraoperative cardiac arrest cases were identified from an anesthesia database and a central electronic medical records system. We reviewed these cases in detail and completed a quality assessment form for each patient. The form contained the date and location; patient demographic data according to the American Society of Anesthesiologists (ASA) physical status classification; surgical procedures; surgical area and intraoperative course; anesthesia provider information; and detailed descriptions of airway, respiratory, cardiocirculatory, neurological, renal, and miscellaneous events in the intraoperative period. The cause of the arrest was determined from these records, the electrocardiograms, and the laboratory values generated from the operating suites. In addition, we obtained the 12-item physiological and 6-item operative severity data sets for the POSSUM analysis (Supplementary Table 1 and 2, only online). 10 These scoring assessments for the POSSUM calculation were completed by the surgeon and anesthesia staff responsible for each patient based on the results obtained at the time closest to surgery. The data were complete for all 51 patients with both physiological and operative severity scores. The mortality risk was calculated using the following POSSUM and P-POSSUM equations: 10 The POSSUM equation: ln (R/1-R)=-7.04+(0.13×physiological score)+(0.16×operative severity score), where R is the predicted mortality rate.
The P-POSSUM equation: ln (R'/1-R')=-9.065+(0.1692×phy-siological score)+(0.1550×operative severity score), where R' is the predicted mortality rate.
We reviewed the postoperative course of each case of intraoperative cardiac arrest. Patient outcomes were classified as survival or mortality within 30 days after intraoperative cardiac arrest.
Statistical analysis
Considering that exponential analysis for POSSUM and linear analysis for P-POSSUM have been recommended as appropriate statistical methods, 10 we used these methods to predict mortality for the 30-day postoperative period, replicating the analyses used by Wijesinghe, et al. 11 The observed-to-predicted (O:E) ratio was also calculated for each analysis. Exponential analysis calculated the number of individuals expected to die within each probability group by subtracting those with a risk higher than the upper group limit from those with a risk higher than the lower group limit. Negative risk values were dealt with by widening the band until it contained a positive number of deaths. Linear analysis calculated the average individual risk within each risk band multiplied by the number of individuals in the band. A comparison was then made between the observed and expected death rate ratio. A ratio over 1.0 indicated an underprediction of death, and that below 1.0 indicated an overprediction of death. When the values of the observed and expected death rates were both 0, the ratio was 1.0. The χ 2 test was used to detect differences between predicted and observed mortality. In addition to the above calculations, a receiver operating characteristic curve analysis was undertaken, and area-under-the-curve (AUC) values with confidence intervals were calculated for POSSUM, P-POSSUM, and ASA grade. The cut-off value of the ASA grade was ≥3 with a 0.3701 Youden index. The accuracy of the prediction was assessed by comparing AUC values using MedCalc (version 12.7.0; MedCalc Software, Ostend, Belgium). The normality of data distribu-tion was assessed using the Kolmogorov-Smirnov test. Ordinal data and continuous data that were not normally distributed are presented as medians with interquartile ranges. These data were compared between groups using the Wilcoxon rank-sum test. Categorical data are reported as the numbers of patients with percentages. Statistical analyses were performed using SAS (version 9.2; SAS Institute, Inc., Cary, NC, USA). A p value<0.05 was considered statistically significant.
RESULTS
In the 6 years of the study, anesthesia was administered in 190486 cases, general anesthesia in 171377 cases, and regional anesthesia in 19109 cases. Intraoperative cardiac arrest as defined by our study protocol was confirmed in 51 patients. Preoperative patient characteristics of the survival and 30-day mortality groups are listed in Table 1 . There were 34 men and 17 women, ranging in age from 19 to 91 years (mean, 56 years). There were more patients with a poor ASA physical status in the mortality group than in the survival group. Patients with liver disease, poor functional status, preoperative intubated status, and non-alert mental status showed a higher mortality rate. Operative characteristics of the survival and 30-day mortality groups are listed in Table 2 . All 51 patients had been given general anesthesia. Major surgery with high risk, use of vasopressors, and massive transfusion were significantly associated with high mortality.
The overall incidence of intraoperative cardiac arrest due to all causes was 2.67 per 10000 anesthetic cases. The main cause of cardiac arrest was hypovolemia (43.1%), followed by cardiac origin (39.2%), sepsis or multi-organ failure (15.6%), and hypoxic event (1.9%) ( Table 3) . With regard to initial electrocardiogram rhythm in arrest cases, ventricular tachycardia or fibrillation, pulseless electrical activity, and asystole were observed in 24 (47.0%), 21 (41.1%), and 6 patients (11.7%), respectively. Intraoperative cardiac arrest due to hypovolemia and non-shockable rhythm showed a poor survival rate. All patients immediately received cardiopulmonary resuscitation according to recommended guidelines, and delayed detection or improper treatment of arrest was not observed in our study. After resuscitation, spontaneous circulation was recovered in most of the patients; however, three patients died on the operating table. Of the resuscitated patients, 35 were transferred to the surgical intensive care unit after surgery. Among 51 patients with arrest, 24 (47.0%) died within 24 h and 32 (62.7%) died within 30 days. Most of the deaths observed within 24 h postoperatively, including the three deaths on the operating table, involved patients who were in an extremely high-risk group (mortality risk of more than 90%). Additionally, two patients died due to cancer progression 4 and 18 months after the arrest, respectively, and one patient experienced neurologic deficit requiring rehabilitation. History of diagnosed cerebrovascular events, § Congestive heart failure.
Predicting Mortality after Intraoperative Cardiac Arrest
Among the 51 patients who experienced intraoperative cardiac arrest, the overall predicted 30-day mortality rates using POSSUM and P-POSSUM were 65.5% and 57.5%, respectively. Table 4 shows the POSSUM physiological and operative severity scores and the mortality rates predicted by POSSUM and P-POSSUM in the survival and mortality groups. The POSSUM physiological and operative severity scores were significantly higher in the mortality group than in the survival group. The predicted mortality rates calculated by both POSSUM and P-POSSUM equations were significantly higher in the mortality group than in the survival group.
The number of deaths predicted by POSSUM with exponential analysis is shown in Table 6 ). Receiver operating characteristic curves of POSSUM, P-POSSUM, and the ASA grade for predicting 30-day mortality following intraoperative cardiac arrest are shown in Fig. 1 
DISCUSSION
The 30-day mortality rate of 62.7% following intraoperative cardiac arrest in the present study is similar to the 62.6% mortality rate reported in a recent study of 262 cases of intraoperative cardiac arrest. 1 In this study, the predicted risks of mortality calculated by POSSUM and P-POSSUM were 65.5% and 57.5%, respectively, and these predicted values were close to the observed value. Furthermore, the predictive powers of the two systems were similar, with O:E ratios of 1.07 and 1.10 and AUC values of 0.771 and 0.785, respectively, indicating a high accuracy in predicting overall mortality.
POSSUM, as originally developed by Copeland, et al., 8 uses exponential analysis, which has been criticized for not being a standard statistical method and for the difficulties in assigning a risk score to an individual patient using this method.
10 P-POSSUM using linear analysis was proposed by Whiteley, et al. 9 to counter this shortcoming of POSSUM in overestimating mortality, especially in low-risk patients. POSSUM and P-POS-SUM are generally known to overestimate the mortality rate for low-risk surgical procedures. 10 However, P-POSSUM might be more accurate in specific procedures involving a high degree of difficulty, whereas POSSUM shows a tendency to overpredict the risk of death. 12, 13 In several studies, both POSSUM and P-POSSUM were reported to be good predictors of mortality following emergency surgery, with similar predictive powers. 14, 15 Collectively, previous studies indicate that the accuracy of these two systems can be affected by various patient characteristics and the clinical settings in which the surgeries are performed. The majority of previous studies regarding POSSUM and P-POSSUM have concentrated on surgical patients at low risk (mortality risk of less than 10%), whereas our study included a large number of predominantly higher-risk patients. This distinguishing distribution of the study population may diminish the tendency of mortality risk overestimation by the two systems, particularly by POSSUM. The reported O:E mortality ratio varied at each risk band in this study, similar to the findings of previous studies. This variation is mainly because the actual observed mortality is relatively low and, in smaller populations, one or two deaths can change the O:E ratio significantly. However, despite the small number of patients in each risk band, it should be recalled that both POSSUM and P-POSSUM showed a tendency of underestimation, particularly in the predicted 30-day mortality rate of less than 50%, contrasting with other studies. Thus, considering the potentially fatal outcome of intraoperative cardiac arrest, there is a possibility of unexpected mortality within 30 days after surgery in the low-risk group.
A recent multicenter study involving over 400 participating hospitals demonstrated that several patient characteristics and medical conditions were associated with lower survival rates after perioperative arrest. 4 These predictors included older age and the presence of congestive heart failure, shock, metabolic abnormality, metastatic malignancy, renal insufficiency, sepsis, myocardial infarction, and neurologic disability. Interestingly, the POSSUM scoring system developed over 20 years ago reflects most of these predictors. In the present study, the POSSUM physiological score was nearly twice as high in the mortality group as it was in the survival group, and critically-ill patients with a high ASA grade had a higher mortality rate after arrest. A higher ASA grade is known as a predictor of both a higher incidence of intraoperative cardiac arrest and a poorer outcome. 2 In this study, we could not find a statistical difference in the accuracy of prediction for mortality after cardiac arrest between ASA grade and POSSUM systems. Some physicians may argue that ASA grade is simpler to apply; however, ASA grading has the potential disadvantage of subjective fitness assessment. In addition, the ASA grade does not account for any operative severity components, and it cannot provide the predictive mortality rate as a percentage. Our results suggest that POSSUM systems provide useful information to physicians that can be used to identify high-risk patients (especially those with a mortality risk of more than 90%) who need close attention during perioperative care, and they may also be helpful in clinical decision-making related to a "do not resuscitate" order in cases of intraoperative cardiac arrest. Previous studies have shown that the POSSUM and P-POSSUM systems have been more reliable for mortality risk assessment than the ASA grade alone in patients undergoing high-risk surgery. [16] [17] [18] Intraoperative blood loss, as indicated by the amount of blood transfused, is the single most important factor related to intraoperative cardiac arrest among various risk factors. 1 Moreover, shockable arrest rhythms accompanied by massive surgical exsanguination showed a very poor response to defibrillation. 4 In the current study, hypovolemia was the most common cause of intraoperative cardiac arrest (22 of 51 patients), and most of the patients were given a massive transfusion of more than 10 erythrocyte units during surgery (18 of 22 patients). Unfortunately, these cases resulted in high case fatality rate of 86% within 30 days postoperatively (19 of 22 patients). With the POSSUM physiological score, certain parameters such as low hemoglobin, low systolic blood pressure, and high pulse rate indicated a preexisting hypovolemic condition. However, with the POSSUM operative severity score, intraoperative blood loss of more than 1000 mL accounted for only 8 of 44 scores, as this score was derived from the general surgical population. 8 This underweighted blood loss score may have led to a degree of inaccuracy in the POSSUM predictions in our study, although the POSSUM operative severity score included major surgery involving a high degree of difficulty and emergency surgery, which is closely associated with higher rates of surgical morbidity and mortality.
With regard to the type of anesthesia, no cases received a regional anesthesia in this study. Cardiac arrest due solely to anesthesia mainly related to anesthetics overdose and airway problems that may have been associated closely with general anesthesia. 3 In this study, there were no cardiac arrest cases due solely to anesthesia. However, despite a low incidence, cardiac arrest wholly or partially attributable to anesthesia occurred in the operating room or the post-anesthesia care unit. 3, 19 In this study, one patient experienced cardiac arrest due to a loss of airway patency during a tracheostomy tube change in the operating room. In addition, three patients experienced cardiac arrest due to respiratory distress caused by narcotic overdose or inadequate reversal of muscle relaxants in the postanesthesia care unit. We excluded these three cases of anesthesia-attributable arrests in the post-anesthesia care unit, as this study focused on patient and operative factors representing the POSSUM scoring system during surgery. All cases of intraoperative cardiac arrest, including those attributable to anesthesia, were in patients with a high ASA grade and other challenges, with cardiovascular problems being the predominant issues. 3, 19 Unfortunately, anesthesia-related factors are not included in the POSSUM systems. However, even if some contributory factors induced by anesthesia affect the occurrence and outcome of arrest in this study, our results still demonstrated that POSSUM and P-POSSUM performed satisfactorily in predicting mortality following cardiac arrest under general anesthesia. 
